In a recent report of antimicrobial use and bacterial resistance in U.S. hospitals, methicillin-resistant staphylococci (MRS) were found to represent 54% of nonduplicate clinical isolates of staphylococci in intensive care unit (ICU) patients and 51% of those in non-ICU inpatients (11) . Intravenously administered vancomycin remains the drug of choice for treatment of MRS infections (8) , and a conventional dosage for adults with normal renal function is either 500 mg every 6 h or 1,000 mg every 12 h adjusted on the basis of trough and peak vancomycin concentrations in serum. Dosage (9, 14) and treatment monitoring (23) have been recently re-evaluated for several reasons. First, vancomycin does not exhibit concentration-dependent killing and exceeding the MIC by more than four-to fivefold does not result in further activity (26) . Second, the need for treatment monitoring has been debated because of the lack of definitive evidence linking concentrations to either outcome or toxicity (23) . Finally, alternative dosages and monitoring strategies have been proposed to reduce the treatment cost and to improve the ease of treatment adjustment (15) .
Continuous infusion of vancomycin (CIV) is an alternative mode of vancomycin administration which has been recently evaluated (14) and which may make treatment monitoring and adjustment easier and cheaper because vancomycin concentrations in serum are less variable (14) . We designed a multicenter prospective randomized study to compare two parallel groups of ICU patients with severe MRS infections: one which received a conventional dose by intermittent infusion of vancomycin (IIV) and one which received CIV. The aim was to determine which of the two modalities is more efficient, safer, easier to adjust, and more cost-effective.
MATERIALS AND METHODS
In this multicenter prospective study, ICU patients with MRS infections were randomly assigned to the IIV or CIV group. Medico-surgical ICUs from 10 teaching or affiliated hospitals participated in the study, which complied with French legislation regarding human investigations and was approved by the ethics committee of the Henri Mondor hospital (Creteil, France). Written informed consent was obtained from either the patient or a close relative.
Patients. Over a 36-month period, consecutive ICU patients were considered eligible if their physicians decided to give vancomycin for either a suspected or a well-established MRS infection acquired 72 h after admission. They were not eligible if they had received vancomycin 72 h before the current infection, if they had a ␤-lactam allergy, if they had been previously included in the same protocol, or if they were currently in another protocol. Eligible patients 18 years old or older having a serum creatinine concentration of less than 200 M/liter (2.3 mg/dl), a neutrophil cell count above 1.10 3 /mm 3 (1.10 9 /liter), no more than three organ failures according to the organ system failure score (16) , and a direct microbiologic examination showing gram-positive cocci were selected and randomly assigned to receive either IIV or CIV. Selected and randomized patients remained in the study if microbiological confirmation of infection with methicillin-resistant Staphylococcus aureus or coagulase-negative staphylococcus (CNS) was made no later than 72 h after randomization.
Randomization. Randomization was stratified by center using a random-number table and a block randomization method with a block size of 8. The infusion mode was contained in sealed opaque envelopes labeled consecutively with the randomization numbers.
Treatments. All patients enrolled in the study received a purified commercial form of vancomycin hydrochloride (Vancocyn; Lilly, Saint-Cloud, France) which was diluted to a concentration of 0.25 mg/kg/ml in 5% dextrose in water and infused by an automatic volumetric device using 60-ml syringes.
Patients assigned to IIV received 15 mg/kg infused over 60 min every 12 h. Except for the first 15 mg/kg, which was adjusted according to the baseline serum creatinine concentration, the same initial dosage was given to everyone. The treatment was adjusted afterward, based on trough vancomycin concentrations in serum, by increasing or decreasing the daily dose by 500 mg. An increase in the number of infusions per day (maximum, three infusions per day) was allowed secondarily for more precise adjustment because the treatment objective was to rapidly attain a trough vancomycin concentration in serum of 10 to 15 mg/liter. This trough concentration is higher than the conventional 5 to 10 mg/liter (6) and was chosen because we expected to include patients with bacteremic MRS infections some of whom would have endocarditis, a situation in which therapeutic failures have been reported with trough values below 10 mg/liter (20) . In addition, we also expected to include patients with pneumonia and to obtain therapeutic vancomycin concentrations in lung tissue (7) or in pulmonary lining fluid (17) , where concentrations above 10 mg/liter may be required. Indeed, the time required to reach the target concentrations, one of the pharmacological study end points, is directly related to the values chosen for such concentrations; i.e., the time required to reach a trough concentration of 10 to 15 mg/liter will be longer than the time required to reach 5 to 10 mg/liter.
Patients assigned to the CIV group received vancomycin at 15 mg/kg infused over 60 min, followed by a continuous infusion of 30 mg/kg. Except for the first 15 mg/kg, which was adjusted according to the baseline serum creatinine concentration, the same initial dosage was given to everyone. The treatment was adjusted afterward, based on plateau vancomycin concentrations in serum, by either increasing or decreasing the speed of the volumetric device so that the daily dose was increased or decreased by 500 mg. The treatment was adjusted to obtain a plateau vancomycin concentration in serum of 20 to 25 mg/liter. This concentration was chosen by consensus by the investigators according to available data on the MIC of vancomycin against staphylococcus species (27) , its protein binding (27) , and its diffusion into tissues (21) . It was also the target concentration previously proposed for deep infections (1, 25) .
In the two treatment groups, for patients with serum creatinine concentrations of 100 to 200 M/liter (1.1 to 2.3 mg/dl), the first 15-mg/kg infusion was adjusted according to the Moellering nomogram (21) . Further adjustments were made afterward on the basis of trough and plateau concentrations.
Vancomycin concentrations in serum were measured by enzyme immunoassay (Emit Vancomycin assay on a Cobas Bio Centrifugal Analyzer). Trough (immediately before infusion) vancomycin concentrations for IIV and plateau (at 7 a.m.) vancomycin concentrations for CIV were measured daily until two consecutive concentrations in the targeted ranges were obtained. Thereafter, samples were taken only if a 10% change in body weight or in serum creatinine was noted. The routine practice in the participating centers was to measure trough and peak concentrations (postinfusion) together. However, no targeted peak concentration was required and it was clearly stated in the protocol that the objective was to reach the targeted trough concentration as soon as possible, whatever the peak values.
Treatment duration was 10 days or longer, depending on the site and severity of infection. Administration of nonglycopeptide antibiotics in combination with vancomycin was permitted, and those antibiotics administered for longer than 5 days were reported.
Microbiological analysis. Antimicrobial susceptibilities of staphylococci isolated from infection sites were tested by a disk agar diffusion method recommended by the French Antibiogram Committee (24) . In addition, for 40 randomly selected strains, the vancomycin MIC was measured on Mueller-Hinton agar. An inoculum of 10 3 to 10 4 CFU per spot was deposited with a Steer replicator. Plates were incubated for 18 h at 37°C in air prior to measurement.
Pharmacokinetic evaluation.
The time required to reach target concentrations was calculated as the time interval between the first administration and the first concentration in the target ranges. Because the time required to reach target concentrations is highly dependent on the values assigned to the target concentrations, we also calculated the time required to reach an equivalent range of concentrations with the two modalities. The area under the serum concentrationtime curve (AUC 24h ) of vancomycin was calculated for 24-h intervals using the log-trapezoidal rule, assuming a monoexponential decrease in the drug concentration in serum when vancomycin was given intermittently and a constant drug concentration in serum for the 24 h when it was given continuously. For a given patient, over the treatment period, all of the 24-h interval values were averaged to give a the mean serum concentration-time integral value per treatment.
Definitions. Vancomycin was prescribed for infections defined in accordance with the criteria of the Centers for Disease Control and Prevention (12) 
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were also assessed. The latter was defined as the presence of Staphylococcus spp. in a day 5 specimen from the site of infection. Clinical failure was first evaluated by local investigators, and since the treatment was not administered in a blinded fashion; a committee blinded to the infusion mode reviewed the charts from patients with clinical failure, as well as those of all of the study patients who died in the ICU. The committee members included the microbiologist (Y.P.), the statistician (A.R.), the principal investigator (M.W.), a coinvestigator not involved in patient care (F.D.), and at least two physicians not attending the patient under discussion. After reviewing clinical, laboratory, radiological, and pathological findings, the committee decided by consensus if death could reasonably be attributed to the staphylococcal infection. The committee met 10 times to review 53 charts.
(ii) Safety. All side-effects attributed to vancomycin or which resulted in treatment discontinuation were reported on the case report form. Serum creatinine concentrations were measured, and creatinine clearance was calculated (4) on the day on which treatment was started, on day 10, and at the end of treatment. Nephrotoxicity was defined as a 50% increase in serum creatinine from the day treatment was started to the end of treatment. The concomitant use of nephrotoxic antibiotics (such as aminoglycosides) was also examined to analyze changes in serum creatinine concentrations. The number of patients in the study who required hemodialysis was also noted.
(iii) Pharmacokinetics, treatment adjustment, and monitoring. The AUC 24h values of the two treatment groups were compared. The ease of treatment adjustment and monitoring was examined by comparing the time required to reach targeted concentrations and the number of samples needed to adjust the treatment.
(iv) Cost. The perspective for cost analysis was the hospital which, in France, receives a global allocation from health directories. It was considered that for comparable activity and allocation, a saving was achieved by reducing a treatment cost. The treatment cost was calculated for 10 days of treatment and defined as the cost of the amount of vancomycin infused (considering a price of $8.33/g in 1996) plus the cost of monitoring vancomycin concentrations in serum (considering the French Ministry of Health estimate of $25.20 per determination). To be able to compare our results with those of others, we also used cost variables published recently by Karam and coworkers (15) . They estimated the vancomycin acquisition cost at $6.32 and the cost to measure vancomycin concentrations in serum at $5. Costs were not adjusted for inflation over the study period and were expressed in 1996 U.S. dollars. Charges for disposable materials, volumetric devices for infusion, and nurses' salaries were assumed to be comparable for the two modes of infusion.
Sample size and statistical analysis. A preliminary controlled historical study (M. Wysocki, F. Thomas, M. A. Wolff, Y. Pean, Y. Ravaud, and B. Herman, Letter, J. Antimicrob. Chemother. 35:352-354, 1995) showing an 8% decrease in the mortality rate and a 23% decrease in the infection-related mortality rate with CIV indicated that detection of a 15% absolute difference in the number of treatment failures between the two groups with an alpha risk of 5% and a power of 90% required 320 patients. A priori, the study length was fixed at 36 months and a power analysis was designed to be used if the required number of patients was not obtained. Outcomes were evaluated in all included patients, and mortality was also evaluated in an intent-to-treat analysis. Quantitative results reported are the mean Ϯ 1 standard deviation (SD), and qualitative results are expressed as percentages. A nonparametric Mann-Whitney U test was used to evaluate differences in quantitative values; Fisher's exact test was used to compare percentages. Variances were compared by using a variance analysis, and changes in the serum creatinine concentration with time were compared by using a Kruskal-Wallis test. A two-tailed P value of 0.05 was considered significant. Analyses were performed by using BMDP software (BMDP Statistical Software, Cork, Ireland). 
RESULTS
Over a 36-month period, 353 eligible patients had suspected or established hospital-acquired staphylococcal infections. One hundred fifty-seven were not selected, and 160 patients were randomized. Fourty-one patients (26 in the IIV group and 15 in the CIV group; P ϭ 0.15) were later excluded because the pathogen was not a staphylococcus (n ϭ 8), the staphylococcus was methicillin susceptible (n ϭ 29), or the pathogen was not isolated (n ϭ 4). Finally, 119 patients were included, 58 in the IIV group and 61 in the CIV group (Fig. 1) .
Efficacy. Demographic characteristics, severity of underlying disease, site of infection, and pathogens were similar in the two groups (Table 1) . Treatment duration (14 Ϯ 6 versus 13 Ϯ 5 days) and concomitant antibiotics (fusidic acid, 22 versus 21%; aminoglycoside, 28 versus 26%) were also similar in the two treatment groups. The median follow-up period was 33 days for surviving patients of the IIV group and 39 days for those in the CIV group. Trough and plateau concentrations were, respectively, 15 Ϯ 9 and 24 Ϯ 8 mg/liter. Microbiological and clinical outcomes were not different in the two groups ( Table   2 ). The study's power to detect a difference in clinical outcome between the two treatment groups was 23%. At treatment day 5, 35% of those in the IIV group and 28% of those in the CIV group were still bacteremic (no significant difference). Treatment failure was observed in 11 patients in the IIV group and in 13 in the CIV group (no significant difference). Severity of the underlying disease at admission, the number of organs failing, the number of patients with immunodrepression, and the day 10 serum creatinine concentrations (Table 1) , trough concentrations, and AUC 24h (Table 3) were higher for patients who failed in comparison with those of patients who succeed. A multivariate logistic regression found that the severity of the underlying disease at admission and the day 10 serum creatinine concentrations were independently associated with treatment failure.
Safety. Serum creatinine concentrations and creatinine clearance increased nonsignificantly from the baseline to the end of treatment in the two treatment groups (Table 3) . Nephrotoxicity occurred in 21 patients (20%) (11 in the IIV group and 10 in the CIV group [P ϭ 0.64]). Vancomycin given with concomitant antibiotics was associated with a significant increased in the serum creatinine concentration. This was not the case when vancomycin was given alone (Fig. 2) . Dialysis was required for three patients in the IIV group and for six in the CIV group (P ϭ 0.31). A red-man syndrome was reported in one patient in the IIV group, and phlebitis and fever attributed to vancomycin were reported in two patients in the CIV group. Pharmacokinetics, treatment adjustment, and monitoring. Changes in vancomycin concentrations in serum over time in the two treatment groups are shown in Fig. 3 . The AUC 24h values were comparable between the two groups, but variability between patients was lower in the CIV group than in the IIV group (variance, 14,621 versus 53,975 mg 2 /h 2 /liter 2 , respectively; P ϭ 0.026). The daily doses of infused vancomycin were comparable between the two groups, but the variability between patients was lower in the CIV group than in the IIV group (variance, 414 versus 818 g 2 , respectively; P ϭ 0.057). In the IIV group, targeted concentrations were reached within 51 Ϯ 39 h. By contrast, it took 36 Ϯ 31 h in the CIV group (P ϭ 0.03). It required 51 Ϯ 39 h to reach a concentration above 10 mg/liter in the IIV group and only 17 Ϯ 14 h (P Ͻ 0.0001) in the CIV group (Fig. 4) . Fewer samples per treatment were required to monitor vancomycin concentrations in serum for the CIV group (7.7 Ϯ 2.2) than for the IIV group (11.8 Ϯ 3.9; P Ͻ 0.0001). When peak determinations were not taken account, the number of samples collected was not significantly different between the two groups (6.1 Ϯ 1.9 versus 6.7 Ϯ 2.1).
Cost. For 10 days of treatment, the drug cost per patient was $152 Ϯ 76 in the IIV group and $127 Ϯ 60 in the CIV group (P ϭ 0.05). The cost of serum vancomycin determinations per patient was $301 Ϯ 100 in the IIV group and $193 Ϯ 56 in the CIV group (P Ͻ 0.0001). As a result, the 10-day treatment cost per patient ($454 Ϯ 137 in the IIV group) was 23% lower in the CIV group ($321 Ϯ 81; P Ͻ 0.0001). A similar result was obtained by using the cost variables reported by Karam and coworkers (15) . These values gave a 10-day treatment cost per patient of $134 Ϯ 46 with CIV by comparison with $175 Ϯ 64 with IIV (P Ͻ 0.0002).
DISCUSSION
CIV was first used in postneurosurgical pediatric patients to attain bactericidal concentrations in infected cerebrospinal fluid (1) and subsequently a few historical controlled (M. Wysocki et al., letter, 1995) and uncontrolled studies have reported the use of CIV in various clinical situations (2, 3, 5, 25) . This is the first prospective multicenter randomized study comparing the efficacy, safety, and costs of IIV and CIV in severe hospital-acquired MRS infections.
The present study found that in critically ill patients requiring vancomycin infusion for severe MRS infections, CIV to obtain plateau concentrations of 20 to 25 mg/liter and IIV to obtain trough concentrations of 10 to 15 mg/liter were comparable in clinical efficacy and safety. However, targeted concentrations were acquired faster with fewer samples, less variability in the daily infused dose, and reduced cost with CIV.
Efficacy. Despite faster acquisition of target concentrations by CIV, we were unable to demonstrate a microbiological or clinical superiority of CIV. Indeed, modification of vancomycin delivery in severe infections may not be sufficient, by itself, to change the clinical outcome for such critically ill patients. In addition, despite a comparable randomization of patients to the two treatment groups, there was variability in the severity of infection (30% of patients were immunosuppressed) and variability in the site of infection (Table 1) . Post-hoc analysis failed to find subgroups of patients in whom CIV might be beneficial, but the number of patients in each subgroup was relatively small. In addition, patients with S. aureus infections (80% of the population) and those with CNS infections were both included in the study and such heterogeneity might mask a beneficial effect of CIV in specific situations. Finally, policies intended to reduce MRS infections were successfully implemented during the study period and the number of patients FIG. 2 . Changes in serum creatinine concentration during treatment with vancomycin (VAN) alone or with vancomycin given concomitantly with an aminoglycoside (AGS) or with any kind of antibiotic (AB). In the whole group (n ϭ 96), vancomycin with any kind of antibiotic was associated with a significant (P ϭ 0.02) increase in serum creatinine concentration but this was not the case when vancomycin was given alone. No interaction with treatment groups was found, suggesting that the infusion mode had no significant role in the observed effect. The total treatment duration was 14 Ϯ 6 days in the IIV group and 13 Ϯ 5 days in the CIV group. included in the study was markedly lower than that required a priori.
Safety. Vancomycin-related side effects were not frequently observed in the present study. In both treatment groups, there was a moderate increase in serum creatinine concentration (Table 2 ). In agreement with a previous report (22) , we found that the increase in serum creatinine concentration was observed mainly in patients receiving concomitant aminoglycosides and more generally in those receiving any concomitant antibiotics (Fig. 2) . Such patients may also have the most severe cases and may be those with uncontrolled infections. Interestingly, the multivariate analysis found that patients who failed treatment had a day 10 serum creatinine concentration which was higher than that of those who succeeded, suggesting that an increase in serum creatinine concentration during vancomycin treatment might be a marker of treatment failure rather than of vancomycin nephrotoxicity per se.
Pharmacokinetics. In agreement with James and coworkers (14), we found that the AUC 24h and the daily dose were comparable in the two treatment groups. In addition, we found that the target concentrations were reached faster with CIV (Fig.  4) , and this may be clinically relevant in critically ill patients. Faster acquisition of targeted concentrations might be coupled to the ease of treatment adjustment with CIV, as suggested by the lower variability between patients in the AUC 24h and in the daily dose that was seen with this infusion mode. Faster acquisition of targeted concentrations in the CIV group was ob- served mainly in patients with serum creatinine concentrations below 100 M/liter (data not shown) and could not be explained by the higher baseline serum creatinine concentration in the CIV group (Table 2) .
Monitoring. Fewer samples per treatment were required to monitor vancomycin concentrations in serum in the CIV group, even in patients with a change in serum creatinine or in body weight of greater than 10% during the treatment period. However, the study was designed to assess the pharmacokinetics of the two modalities and the number of samples obtained in the present study is greater than that obtained with the usual standard of clinical care. For instance, in the recent report of Karam and coworkers (15) , only two samples were obtained during 9 days of treatment and, in a population of cancer patients, Elting and coworkers (10) reported taking five samples over 8 days of treatment. In the present study, patients in the IIV group had 12 samples taken during 10 days of treatment. Since the algorithm for sampling of vancomycin concentrations in serum was comparable in the two treatment groups, the relative difference in the number of samples collected between the two groups (35% reduction in the CIV group) may be valid. In a recent study (15) , a 45% reduction in the number of samples collected was obtained by shifting from a conventional pharmacokinetics-based to an alternative nomogrambased vancomycin regimen. It should be stressed that with IIV, the routine practice in the participating centers was to measure peak and trough concentrations together, and when only the numbers of trough and plateau determinations were compared (excluding peak determinations), the difference between the two treatment groups was no longer significant.
Treatment adjustment. The ease with which the treatment could be adjusted was assessed by the variability between patients in the AUC 24h and in the daily dose of vancomycin, both of which were lower (respectively, by 72 and 49%) in the CIV group than in the IIV group. In agreement with previous pharmacokinetic comparisons showing less variability in vancomycin concentrations in serum with CIV (14) , the present results suggest that CIV may be a more efficient modality, given the highly variable pharmacokinetics of ICU patients. Within the treatment groups, these results were not dependent on whether the baseline serum creatinine was below or above 100 M/ liter (data not shown).
Cost. Ten days of CIV was 23% less expensive than 10 days of IIV, both because less vancomycin was infused and because fewer samples were required to monitor the treatment. However, vancomycin not used is not equal to vancomycin saved and several aspects that could have an impact on the cost of vancomycin therapy (disposable materials, volumetric devices for infusion, and nurses' salaries) were not recorded in the present study. Despite this, our results are in agreement with previous publications suggesting that continuous infusion of ␤-lactam antibiotics may be cost saving (18) by reducing the amount of drug required (28) . Additional savings could also come from the reduction in the number of samples required for serum drug level determination with CIV.
Target concentrations. IIV was adjusted to maintain a trough concentration of 10 to 15 mg/liter but was, in fact, at the upper end of the targeted limit (15 Ϯ 0.5 mg/liter). If the more conventional lower target concentrations of 5 to 10 mg/liter had been chosen, one could reasonably expect faster acquisition of the target concentration and less need for serum vancomycin determinations for treatment adjustment. In addition, less vancomycin might be required, hence reducing the cost of treatment. However, in endocarditis, therapeutic failures have been reported with minimal concentrations below 10 mg/liter (20) and concentrations above 10 mg/liter may be required to inhibit bacterial growth at the site of infection (7, 17) . At the time the study was designed, all of the participating centers considered that targeted trough concentrations of 5 to 10 mg/ liter were insufficient in critically ill patients with severe infections.
On the other hand, continuous infusion was adjusted to obtain a plateau of 20 to 25 mg/liter. As suggested by recent pharmacodynamic studies (9, 14) , a lower plateau might be comparable in efficacy. This would further reduce the time needed to reach target concentrations, the number of determinations, and the cost of treatment with this modality. Considering the pharmacokinetic properties of vancomycin (21, 27) and the trend toward an increase in the concentrations deemed necessary to inhibit staphylococcus species, a target plateau of 20 to 25 mg/liter is probably a safe and reasonable goal. Finally, recent preliminary data (J. R. Aeschlimann, E. Hershberger, and M. J. Rybak, Abstr. 38th Intersci. Conf. Antimicrob. Agents Chemother., abstr. A-10, p. 3, 1998) suggested that CIV may be an alternative against staphylococcus species with reduced susceptibility to vancomycin.
In summary, in critically ill patients requiring vancomycin infusion for severe MRS infections, CIV to obtain plateau concentrations of 20 to 25 mg/liter and IIV to obtain trough concentrations of 10 to 15 mg/liter were comparable in clinical efficacy and safety. However, targeted concentrations were acquired faster with fewer samples, less variability in the daily infused dose, and reduced cost with CIV.
